(19) 



(12) 



(43) Date of publication: 

09.04.1997 Bulletin 1997/15 

(21) Application number: 96115321.0 

(22) Date of filing: 24.09.1996 



EuropSisches Patentamt 
European Patent Office 
Office europ^en des brevets (1 1 ) EP 0 766 993 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 6 : B01D 53/94 



(84) Designated Contracting States: 


(72) Inventors: 


DE FR GB 


• Araki, Yasushi 




Toyota-shi, Aichi-ken 471 (JP) 


(30) Priority: 02.10.1995 J P 255216/95 


• Mizuno, Tatsuji 




Toyota-shi, Aichi-ken 471 (JP) 


(71) Applicant: TOYOTA JIDOSH A KABUSHIKI 


KAISHA 


(74) Representative: Kuhnen, Rainer Andreas, DipL- 


Aichi-ken 471 (JP) 


Ing. 




Kuhnen, Wacker & Partner, 




Alois-Steinecker-Strasse 22 




85354 Freising (DE) 



(54) Filter for purifying exhaust gases 

(57) A wall-flow type filter for purifying exhaust 
gases having a number of cells formed in a direction of 
flow of exhaust gases, wherein every other cell is 
plugged on the exhaust gas inlet side but is opened on 
the exhaust gas outlet side, and the cells that are 
opened on the exhaust gas inlet side are plugged on the 
exhaust gas outlet side, and wherein a catalyst is car- 
ried in the pores formed in the porous walls among the 
cells. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Held of the Invention s 

The present Invention relates to a filter for purifying 
exhaust gases. More specifically, the invention relates 
to a wall-flow type filter for purifying exhaust gases by 
trapping and treating particulates contained in the 
exhaust gases emitted from a diesel engine or the like 
engine, wherein a catalyst is carried on the pore sur- 
faces inside the porous walls, and the particulates are 
burned in the pores and are removed. 

2. Description of the Prior Art 

Nitrogen oxides (NOx) and particulates contained 
in the exhaust gases emitted from a diesel engine pro- 
duce environmental pollution. The particulates are fine 
particle-like substances consisting chiefly of solid fine 
carbon particles (SOOT) and soluble organic fractions 
(SOF). A wall-flow type filter 1 shown in Figs. 1a and 1b 
has now been generally used as means for treating the 
particulates. The filter has a number of cells (through 
holes) of which the ends on one side are plugged with a 
plug 2 alternatingly ; i.e., the cells 3 which are plugged at 
the inlets of exhaust gases are opened at the outlets 
and. conversely, the cells 4 which are opened at the 
inlets are plugged at the outlets. The porous walls 5 
among the neighboring cells have fine pores that permit 
the passage of exhaust gases but do not permit the pas- 
sage of particulates. 

The exhaust gases flow into the filter of a structure 
as shown in Fig. 1b, and the exhaust gases 6 that flow 
into the cells 4 of the exhaust gas inlet side of which the 
inlets are open, necessarily pass through the porous 
walls 5. Therefore, the particulates are trapped on the 
porous walls of the ceils of the exhaust gas inlet side. 
The trapped particulates are ignited and burned after 
being heated by a heater or are allowed to burn sponta- 
neously due to the action of the catalyst carried by the 
filter, and are thus removed. 

So far, the filter for purifying exhaust gases by spon- 
taneously burning the particulates by the action of the 
catalyst carried "by the filter was of the structure in 
which, as shown in Fig. 2, a coating layer 8 was formed 
on the inner surfaces of cells of the filter body 7, and the 
catalyst 9 was carried on the coating layer 8. Japanese 
Unexamined Patent Publication (Kokai) No. 59-211708 
discloses a filter in which the catalyst is carried on the 
porous wall surfaces only of the cells of the exhaust gas 
inlet side but the catalyst is not carried by the porous 
wall surfaces of the cells of the exhaust gas outlet side. 

With the above-mentioned filter, the particulates are 
burned on the porous wall surfaces of the cells relying 
upon the catalytic action. On these surfaces, however, 
the heat of combustion of the particulates tends to be 
easily emitted, and the combustion is not favorably sus- 



tained. Therefore, the particulates flow into the cells in 
amounts larger than the amounts of particulates 
removed by combustion and, hence, the particulates 
accumulate on the porous wall surfaces. The particu- 
lates that have deposited do not come into contact with 
the catalyst and are not removed by the action of the 
catalyst. As the particulates gradually deposit as 
described above, the exhaust gases cannot pass 
through the porous walls. Therefore, the pressure loss 
of the filter increases and the filter becomes no longer 
usable. Besides, the catalyst carried on the surfaces 
only of the porous walls is not sufficient, and the cata- 
lytic action is not satisfactory, either. 

The object of the present invention is to provide a 
wall-flow type filter for purifying exhaust gases, which is 
capable of burning the particulates inside the porous 
wall to efficiently treat the particulates. 

SUMMARY OF THE INVENTION 

In order to accomplish the above-mentioned object 
according to a first aspect of the present invention, there 
is provided a wail-flow type filter for purifying exhaust 
gases having a number of cells formed in a direction of 
flow of exhaust gases, wherein every other cell is 
plugged on the exhaust gas inlet side but are opened on 
the exhaust gas outlet side, and the cells that are 
opened on the exhaust gas inlet side are plugged on the 
exhaust gas outlet side, and wherein a catalyst is car- 
ried in the pores formed in the porous walls among the 
cells. 

Tne filter for purifying exhaust gases has a catalyst 
carried on the pore surfaces in the porous wails of the 
filter, and the particulates that flow into the pores burn 
upon reacting with N0 2 in the exhaust gases on the cat- 
alyst in the pores. The filter material has a low heat 
transfer property. Besides, since afield of combustion of 
particulates is formed in nearly closed spaces called 
pores, the heat of combustion is confined in the pores 
and promotes the combustion of particulates. Thus, the 
particulates burn efficiently and flow into the pores and 
are removed by burning before they are deposited on 
the porous wall surfaces of the cells on the exhaust gas 
inlet side. Accordingly, the particulates do not deposit 
and the pressure loss does not increase. 

According to a second aspect of the present inven- 
tion which is concerned with a wall-flow type filter for 
purifying exhaust gases of the first aspect, the diameter 
of the pores decreases from the exhaust gas inlet side 
toward the exhaust gas outlet side in the direction of 
thickness of the porous walls. In this filter for purifying 
exhaust gases, the diameter of the pores in the porous 
wails is made smaller toward the exhaust gas outlet side 
than on the exhaust gas inlet side in the direction of 
thickness of the porous walls, so that the particulates 
flow easily into the pores and further flow up to the 
exhaust gas outlets in the porous walls. This makes it 
possible to more reliably form a field of combustion of 
the particulates in the pores. Besides, since the particu- 
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lates can be introduced up to the exhaust gas outlet 
side in the porous walls, a margin is formed in the pore 
space and particulates are prevented from being depos- 
ited on the porous wall surfaces of the cells on the 
exhaust gas inlet side. s 

According to a third aspect of the present invention 
which is concerned with a filter for purifying exhaust 
gases of the first or the second aspect, the amount of 
the carrier increases from the exhaust gas inlet side 
toward the exhaust gas outlet side in the direction of 10 
thickness of the porous walls. In this filter for purifying 
exhaust gases, the amount of catalyst in the pores in 
the porous walls on the exhaust gas outlet side is larger 
than that of the inlet side, enabling the particulates 
accumulated on the outlet side to be quickly and reliably is 
burned. In the filter for purifying exhaust gases of the 
second aspect, in particular, the particulates tend to 
accumulate on the outlet side. Therefore, it is desired to 
increase the amount of the catalyst on the outlet side. 

According to a fourth aspect of the present inven- 20 
tion which is concerned with a filter for purifying exhaust 
gases of any one of the first to third aspect, an NO x - 
absorbing material that releases NO x components 
absorbed in the form of N0 2 at a temperature higher 
than a predetermined temperature, is carried in the 25 
pores. With the filter for purifying exhaust gases carry- 
ing the NO x -absorbing material, NO and N0 2 that do 
not contribute to the burning of particulates at low tem- 
peratures are absorbed by the NO x -absorbing material. 
As the temperature rises accompanying the burning of 30 
particulates in the pores, the NO and N0 2 that are 
absorbed are released as N0 2 and react with the partic- 
ulates with an increased probability contributing to 
enhancing combustion of the particulates. With the 
NO x -absorbing material being carried in the pores 35 
which are fields for burning the particulates, further- 
more, the rise in the temperature due to the burning of 
particulates promotes the burning of N0 2 which further 
accelerates the burning of particulates. The NOx- 
absorbing material further promotes the change of NO, 40 
that is formed by burning, into N0 2 . 

According to a fifth aspect of the present invention 
which is concerned with a filter for purifying exhaust 
gases of any one of the first to fourth aspect, further- 
more, an HC-adsorbing material that releases the 46 
adsorbed HC at a temperature higher than a predeter- 
mined temperature is applied to the pores near the 
exhaust gas inlets in the direction of thickness of the 
porous walls or onto the porous wail surfaces in the cells 
on the exhaust gas inlet side. In this filter for purifying so 
exhaust gases, HC is adsorbed by the HC-adsorbing 
material at low temperatures and is released as the 
temperature rises due to the burning of the particulates. 
The HC that is released burns upon the action of the 
catalyst in the pores and raises the temperature in the ss 
pores to promote the burning of the particulates. With 
the HC-adsorbing material being directly disposed on 
the filter, the HC can be adsorbed or released depend- 
ing upon a change in the temperature based upon the 



burning of the particulates. 

According to a sixth aspect of the present invention 
which is concerned with a filter for purifying exhaust 
gases of any one of the first to fifth aspects, an oxidizing 
catalyst is carried on the porous wall surfaces of the 
cells on the exhaust gas outlet side. In this filter for puri- 
fying exhaust gases of the present invention, the thick- 
ness of the coating layer for carrying the catalyst must 
be decreased so that the particulates are allowed to 
flow into the pores. As a result, the total amount of the 
catalyst becomes small, and the ability for oxidizing HC 
tends to become insufficient In the filter for purifying 
exhaust gases, therefore, the above-mentioned prob- 
lem is solved by carrying an oxidizing catalyst on the 
porous wall surfaces of the cells on the side of the 
exhaust gas outlets. Besides, the particulates deposit in 
the pores on the exhaust gas outlet side. Here, however, 
since the oxidizing catalyst is carried on the porous wall 
surfaces of the cells on the exhaust gas outlet side, the 
particulates do not deposit and the probability of contact 
between the HC and the oxidizing catalyst does not 
decrease. Therefore, activity of the catalyst is main- 
tained due to the transfer of heat stemming from the 
burning of the particulates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram schematically illustrating the 
structure of a wall-flow type filter for purifying 
exhaust gases according to the present invention, 
wherein Fig. 1a is a front view of the filter and Fig. 
lb is a sectional view of the filter in a direction in 
which the gases flow in; 

Fig. 2 is a diagram illustrating a portion I of Fig. 1 on 
an enlarged scale; 

Fig. 3 is a sectional view of an apparatus for forming 
a coating layer for carrying a catalyst in the pores of 
the wall-flow type filter; 

Fig. 4 is a diagram schematically illustrating in 

cross section the porous wall of the wall-flow type 

filter for purifying exhaust gases; 

Ftg. 5 is a diagram schematically illustrating in 

cross section the porous wall of the wall-flow type 

filter for purifying exhaust gases having a coating 

layer for carrying a catalyst; 

Fig. 6 is a diagram schematically illustrating in 

cross section the porous wall of the wall-flow type 

filter for purifying exhaust gases having a catalyst 

carried in the pores; and 

Fig. 7 is a diagram schematically illustrating in 
cross section the porous wall of the wall-flow type 
filter having an HC-adsorbing material disposed 
thereon and having a catalyst in the pores thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of the present invention will now be 
described with reference to the accompanying draw- 
ings. 
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The wall-flow type exhaust gas filter of the present 
invention is produced as described below. By using a 
coating apparatus as shown in Fig. 3, first, the filter is 
coated with a layer for carrying a catalyst. In Fig. 3, ref- 
erence numeral 1 denotes a wall-flow type fOter of 
cordierite having a porous volume of from 0.58 to 0.65 
cc/g and an average porous diameter of from 25 to 35 
*im. In the present invention, the wail-flow type filter is 
used for filtering exhaust gases at high temperatures 
emitted from, for example, automobiles, and the mate- 
rial for forming the filter may be a heat-resistant one that 
is capable of withstanding exhaust gases of high tem- 
peratures and that has heretofore been used. Examples 
include, in addition to cordierite, ceramics such as. alu- 
mina, silica, titania, zirconia, silica-alumina, alumina-zir- 
conia, alumina-titania, silica-titania, silica-zirconia, 
titania-zirconia, mulltte and the like. 

The filter may have any shape and any size 
depending upon the use and purpose. The wall-flow 
type filter has many cells in a direction in which the 
exhaust gases flow, and the porous walls among the 
cells contain a number of very small pores of sizes 
which permit exhaust gases to pass through as shown 
in Fig. 4. In the wall -flow type filter that has heretofore 
been used, particulates are filtered on the porous walls 
14 of the cells of the exhaust gas inlet side and the 
pores have such a size that does not permit the pas- 
sage of particulates According to the present invention, 
the particulates are introduced into the pores, and a 
field for burning the particulates is established in the 
pores. Therefore, the pores have a size that permits the 
particulates to flow in. Concretely speaking, the particu- 
lates have an average particle diameter of from 10 to 30 
nm and are usually linked together like a straight chain. 
It is therefore desired that the pores have a size larger 
than the particulates and, desirably, have a diameter of 
from about 25 to about 40 \xm. Besides, the pores com- 
municate with one another through narrow passages. 
Therefore, even when the pores are considerably large, 
the particulates are trapped in the passages and usually 
do not pass -through the porous walls. In order to intro- 
duce as much of the particulates as possible into the 
pores, furthermore, it is desired that the pores have a 
large size on the exhaust gas inlet side and have a small 
size on the exhaust gas outlet side. 

In order to maintain pores of a sufficiently large size 
as described above, it becomes necessary to form the 
layer as thin as possible. For this purpose, the layer is 
coated as mentioned below. First, the cells are alternat- 
ingly plugged with a plug 2 at the exhaust gas outlet 
ends 10 only of the wall-flow type filter 1. Then, as 
shown in Fig. 3, the filter is so disposed that the plugged 
exhaust gas outlet ends 10 are on the upper side in the 
vertical direction, and a coating solution 1 1 is permitted 
to flow through the cells that have not been plugged 
among the exhaust gas outlet ends 10. The coating 
solution 1 1 may be an alumina having a viscosity of not 
larger than 100 cps. In addition to the alumina, the coat- 
ing solution may be a ceramic solution that is usually 



used for carrying catalyst and that is porous and has a 
targe surface area, such as silica, titania; titania-alu- 
mina, titania-silica, etc. 

Most of the coating solution flows out from the lower 

5 ends of the cells since the exhaust gas inlet ends 12 of 
the cells have not been plugged. As shown in Fig. 5, 
however, the coating solution 1 1 flowing down along the 
porous walls of the cells permeates into the porous 
walls 7 toward the exhaust gas inlet side from the 

w exhaust gas outlet side 15 in the direction of thickness 
of the porous walls due to capillarity, thereby to cover 
the pore surfaces in the porous walls. In forming such a 
coating layer, it is important that the coating solution 
permeates into the pores due to capillarity by suitably 

is adjusting the conditions such as pore size of the filter, 
specific gravity of the coating solution, solid content, vis- 
cosity, etc. through they may vary depending upon the 
embodiment. It is, however, important that the coating 
layer does not clog the pores so as to hinder the pas- 

20 sage of exhaust gases or to hinder the introduction of 
the particulates. Referring to Fig. 3, furthermore, the 
coating solution may be sucked through a port 13 by 
using a pump (not shown) in order to promote the per- 
meation of the coating solution. 

25 According to this coating method, the coating layer 
is formed by causing the coating solution 1 1 to perme- 
ate into the porous walls from the exhaust gas outlet 
side. Therefore, the thickness of the coating layer in the 
pores in the porous walls on the exhaust gas outlet side 

30 can be easily rendered to be larger than the thickness of 
the coating layer in the pores on the exhaust gas inlet 
side. As a result, the size of the pores in the porous 
wails on the exhaust gas outlet side is easily rendered 
to be smaller than the size of the pores on the exhaust 

35 gas inlet side. That is, the particulates are allowed to 
easily flow into the pores yet being prevented from 
passing therethrough. Moreover, all the pores can be 
uniformly coated with the layer. Since the coating layer 
is formed by causing the coating solution to permeate 

40 from the exhaust gas outlet side of the porous walls, the 
pores in the porous walls on the exhaust gas inlet side 
are prevented from being clogged with the coating layer. 

After the coating layer is formed as described 
above, the filter 1 is removed from the apparatus, and 

45 the cells of which the exhaust gas outlet ends have not 
been clogged are then clogged at the exhaust gas inlet 
ends. The filter is then dried and fired in a customary 
manner. 

Then, the coating layer is uniformly formed on the 
so surfaces of the pores in the porous walls of the wall-flow 
type filter and a catalyst is carried thereon. Thus, the 
catalyst is carried on the surfaces of the pores. The cat- 
alyst may be a noble metal that is usually used, such as 
platinum, palladium, rhodium, etc. The catalyst is car- 
55 ried according to a customary manner; i.e., the filter is 
immersed in a slurry which contains the catalyst, fol- 
lowed by drying and firing. It is desired that the catalyst 
is carried in a manner of allowing a slurry that contains 
the catalyst to flow from the exhaust gas inlet ends of 
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the filter on which the coating layer is formed. As shown 
in Fig. 5, the coating layer 1 1 is hardly formed on the fil- 
ter on the exhaust gas inlet side 14. When the slurry 
containing the catalyst is caused to permeate from the 
exhaust gas inlet side 14, therefore, the catalyst is 
hardly carried near the exhaust gas inlet side and most 
of it is carried inside the pores. 

When the coating layer for carrying the catalyst is 
unformalized in the pores, the catalyst can be uniformly 
carried in the pores, too. With the coating layer being 
formed more thickly on the exhaust gas outlet side than 
on the exhaust gas inlet side, the catalyst 16 can be car- 
ried more on the exhaust gas outlet side than on the 
exhaust gas inlet side as shown in Fig. 6. In such a filter, 
the average porous diameter on the outlet side 
becomes smaller than that of the inlet side due to a dif- 
ference in the amount of coating, and the particulates 
start clogging the portions having small porous diame- 
ters. These portions, however, have an increased 
amount of catalyst, and partial clogging by particulates 
and the combustion thereof are repeated enabling the 
filter to be used while maintaining the state of low pres- 
sure loss by not being clogged. 

After the catalyst is carried as described above, the 
NOx-absorbing material may be carried on the coating 
layer. The NOx-absorbing material stands for the one 
that absorbs NO and N0 2 at low temperatures of about 
250°C but releases N0 2 as the temperature rises with 
350°C as a peak. As the NOx-absorbing material, there 
can be used, for example, an alkali metal or an alkaline 
earth metal. Among them, Na and Li are preferred. At 
low temperatures, NO and NOx do not take part in the 
combustion of the particulates. As the temperature rises 
and exceeds, for example, 400°C, the particulates burn 
on the filter as represented by the following formulas, 

NO + 1/20 2 -> N0 2 N0 2 + C -> NO + CO or N + C0 2 

With the NOx-absorbing material being disposed in 
the pores, therefore, N0 2 is released at a required tim- 
ing due to the heat of local combustion of the particu- 
lates in the pores during the moment of a high 
temperature in which N0 2 takes part in the combustion 
of the particulates, whereby the combustion of the par- 
ticulates is further promoted. 

The exhaust gases contain HC. It has been known 
that HC burns due to the catalytic action as represented 
by the following formula. 

HC + 0 2 -> C0 2 + H 2 0 

and the heat generated by the combustion of HC can be 
utilized for burning the particulates. As shown in Fig. 7, 
therefore, the porous walls are coated near the exhaust 
gas inlets thereof with an HC-absorbing material which 
adsorbs HC at low temperatures at which the particu- 
lates do not burn and releases HC when the tempera- 
ture becomes high. As the temperature rises due to the 
burning of the particulates, therefore. HC that had been 



adsorbed is released. The thus released HC enters into 
the pores and burns near the particulates and promotes 
the burning of the particulates. As the HC-adsorbing 
material, there can be used zeolite, mordenite, sepiolite 
5 or the like. The HC-adsorbing material is disposed not in 
the pores but near the exhaust gas inlets of the pores in 
order to prevent the HC from flowing toward the down- 
stream side without being burned and to reliably burn 
the HC in the pores. 
10 In the filter for purifying exhaust gases of the 
present invention, the particulates are introduced into 
the pores and are burned in the pores. It is therefore 
essential that the coated layer for carrying catalyst does 
not clog the pores. According to the present invention. 
is therefore, the thickness of the coated layer is decreased 
compared with that of the conventional filters in which 
the coating layer is formed on the surfaces of the porous 
walls to carry the catalyst. In the conventional filters, the 
amount of coating is, for example, 65 g/liter. According 
20 to the present invention, on the other hand, the amount 
of coating is about 33 g/liter. When the amount of coat- 
ing is so small, the total amount of catalyst that is car- 
ried decreases. Accordingly, HC in the exhaust gases 
cannot often be oxidized to a sufficient degree and the 
25 ability for cleaning HC often decreases. In order to solve 
such a problem, it is desired to carry the oxidizing cata- 
lyst separately from the field for burning the particulates. 

However, there arises a problem in that sulfate is 
generated when the oxidizing catalyst is carried. How- 
30 ever, HC is oxidized relatively faster than the oxidation 
of S0 2 . By suitably selecting the SV (space velocity) of 
exhaust gases passing through the filters, therefore, it 
becomes possible to suppress formation of sulfate and 
to remove HC. An experiment showed that the space 
35 velocity must be not smaller than 150,000/hr' 1 . There- 
fore, if the oxidizing catalyst is carried from the down- 
stream of the filter over a length L that realizes this 
space velocity, it becomes possible to accomplish the 
above object, i.e., to suppress the formation of sulfate 
40 and to remove HC. 

In the filter for purifying exhaust gases of the 
present invention, the catalyst is uniformly carried on 
the surfaces of the pores in the porous walls of the filter, 
and the particulates are burned in the pores and are 
45 removed. The particulates are thus efficiently treated. 
The particulates do not deposit and pressure loss in the 
filter hardly increases. 

Claims 

50 

1. A wall-flow type filter for purifying exhaust gases 
having a number of cells formed in a direction of 
flow of exhaust gases, wherein every other cell is 
plugged on the exhaust gas inlet side but is opened 
55 on the exhaust gas outlet side, and the cells that 
are opened on the exhaust gas inlet side are 
plugged on the exhaust gas outlet side, and 
wherein a catalyst is carried in the pores formed in 
the porous walls between the cells. 
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2. A wall-flow type filter for purifying exhaust gases 
according to daim 1, wherein the diameter of the 
pores decreases from the exhaust gas inlet side 
toward the exhaust gas outlet side in the direction of 
thickness of the porous walls. 5 

3. A wall-flow type filter for purifying exhaust gases 
according to claim 1 or 2, wherein the amount of the 
carrier increases from the exhaust gas inlet side 
toward the exhaust gas outlet side in the direction of 10 
thickness of the porous walls. 

4. A filter for purifying exhaust gases according to any 
one of claims 1 to 3, wherein an NO x -absorbing 
material that releases NO x components absorbed is 
in the form of N0 2 at a temperature higher than a 
predetermined temperature, is carried in said 
pores. 

5. A wall-flow type filter for purifying exhaust gases 20 
according to any one of claims 1 to 4, wherein an 
HC-adsorbing material that releases the adsorbed 

HC at a temperature higher than a predetermined 
temperature is applied to the pores near the 
exhaust gas inlets in the direction of thickness of 25 
the porous walls or onto the porous wall surfaces in 
the cells on the exhaust gas inlet side. 

6. A wall-flow type filter for purifying exhaust gases 
according to any one of claims 1 to 5, wherein an 30 
oxidizing catalyst is carried on the porous wall sur- 
faces of the cells on the exhaust gas outlet side. 
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flow of exhaust gases, wherein every other cell is 
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opened on the exhaust gas inlet side are plugged on the 
exhaust gas outlet side, and wherein a catalyst is car- 
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